The corresponding-states correlations were applied to transport coefficients, i.e., viscosity and diffusivity, for various metallic liquids for which experimental data are presently available in order to test the correlations. The corresponding-states correlations for transport coefficients have spreads of ± 20% to 50% or more. A better correlation is proposed for the melting-point viscosity of metallic liquids.
INTRODUCTION
Transport coefficients in metallic liquids, i.e., viscosity and diffiisivity, are of critical importance both from a scientific and a technological viewpoint. Therefore, a number of studies have been made on their theoretical and semi-theoretical calculations and measurements. A well-known example for calculating transport coefficients is based on the principle of corresponding-states. Helfand and Rice /l/ first derived the corresponding-states correlations through a dimensional analysis of the statistical equations for transport in liquids. Several workers applied correspondingstates correlations to transport coefficients in liquid metals; Pasternak 121, Wittenberg and DeWitt /3/ and Waseda and Ohtani /4/ applied the correlations to the viscosity and self-diffiisivity of six to sixteen liquid metals available at that time. Their results show that the applicability of the corresponding-states principle is comparatively good. As a result, corresponding-states methods are believed to be useful for estimating transport coefficients. However, investigations for various metallic liquids are needed in order to test and develop the correlations.
In this paper, corresponding-states correlations are applied to the viscosity and self-diffiisivity of various metallic liquids for which experimental data are presently available. Furthermore, a better correlation is proposed for the melting-point viscosity of metallic liquids.
use in a linear relationship between ε/k and T m , regardless of the value of the proportionality constant.
Helfand and Rice III derived the following equations for reduced viscosity μ* and self-diflusivity D*, respectively, on the basis of the principle of corresponding states:
where μ is the viscosity, D the diflusivity, m the atomic mass, ε the characteristic energy parameter, and σ the distance parameter. In order to avoid determination of explicit values for σ, Pasternak converted Eqs. 1 and 2 into the following dimensionless expressions to be correlated with the reduced temperature Τ* (T* is defined as Τ/ε/k)
where V* is the reduced volume; Ν the Avogadro's number, V the atomic (molar) volume, Μ atomic weight, R the gas constant, and ε/k the energy parameter (k the Boltzmann's constant). According to Chapman 151 and Pasternak 111, the term ε/k is approximately equal to
On the other hand, Waseda and Ohtani /4/ suggested that ε/k is approximately equal to 1.41T m based on the analysis of the shape of pair potentials for liquid metals. It should be noted, however, that the corresponding-states principle is essentially valid for
RESULTS AND DISCUSSION

A. Viscosity of Metallic Liquids
The reduced quantities μ* (V*) 2/3 for thirty-four metallic elements were calculated using Eq. 3. Values for viscosity μ and atomic volume V (i.e., density p, as V = M/ρ) were taken from the handbook 161 published recently. Fig. 3 presents the diffusivity correlation obtained from Eq. 4 for the same ten metallic liquids as those investigated by Pasternak 111. As seen in Fig. 3 , the correlation can be represented approximately by Pasternak's linear relationship which has a spread of ± 20%. Fig. 4 shows the diffusivity correlation for another eight metallic liquids. Excepting germanium, bismuth and antimony, the lines also lie within the range of ± 20% deviation of the Pasternak's relation. The lines of germanium, bismuth and antimony show larger deviations: about 4, 2.2 and 2 times, respectively. The results in Figs. 3 and 4 show again that the corresponding-states principle provides a rough correlation for the diffusivity of metallic liquids.
B. Diffusivity of Metallic Liquids
C. The Melting-Point Viscosity and Diffusivity Estimated from the Principle of Corresponding-States and Other Theories
The viscosity correlation at the melting point derived from the corresponding-states principle, i.e., Eq. 3, can be represented in the following form:
where the subscript m denotes the melting point. Eq. 6 is very similar to Andrade's viscosity formula, the only difference being the replacement of the proportionality constant of 1.8 χ 10" 7 111.
Furthermore, it should be emphasized that at melting temperature the viscosity equations based on the hard sphere model /8,9/ and on the statistical mechanical theory of Born and Green /10/ also become similar to Andrade's formula for melting point
The same value is obtained from the Waseda and Ohtani /4/ correlation. 
Pasternak
Incidentally, many investigators have proposed relations for melting-point diflusivity similar to Eq. 7 from the empirical and semi-empirical points of view IUI.
D. Prediction of the Viscosity of Metallic Liquids Using the Equation Proposed by Iida and Coworkers
Iida and co-workers /9,14/ reconsidered Andrade's model theory and proposed an expression for the viscosity of metallic liquids in terms of fundamental physical parameters such as the pair distribution function and the average interatomic frequency: viscosity. Andrade's formula has frequently been used for predicting the viscosity values of liquid metals. Fig. 5 shows the Andrade's relationship for thirtyseven metallic liquids. The data were taken from Lihl et al. /II/ for magnesium and from Glazov I 111 for silicon and germanium. As Fig. 5 shows, except for silicon and germanium, the plots lie within the ± 50% error band. Of course, the extent of the deviation is equivalent to that of the corresponding-states principle. A better viscosity correlation is required for both a clear understanding and a reliable prediction of the viscosity of metallic liquids.
The diflusivity correlation for metallic liquids at the melting point derived from the corresponding-states principle, i.e., Eq. 4, can be written as follows: where r m and ro are the positions of the first peak and its left-hand edge in the g(r) curve, respectively. At the melting temperature, Eq. 9 becomes μη, = 4.5 β v L m no 2 g (ΓπΟγιη 5 (1--) (10) r m where β is the correction factor for Lindemann's melting formula (i.e., the effective atomic frequency of metallic liquids can be represented by the product of Lindemann's frequency, vl, and a correction factor, β, which incorporates the surface tension of a metal.).
In Fig. 6 , the correlation for the melting point viscosities is plotted as indicated by Eq. 10. As seen, except for germanium, the plots lie within the ± 35% error band. Eq. 10 provides a better correlation than Andrade's formula.
